Introduction
The effects of nanomaterial inhalation and pulmonary exposure are intense areas of research, as this is one of the most common routes by which humans are exposed to nanomaterials or nanoparticles in their environments (Nurkiewicz et al., 2011; Simeonova and Erdely, 2009) . Although the effects of exposure vary due to the material and composition of the particles, pulmonary effects of nanoparticle exposure are known to include lung toxicity, inflammation, asthma, pleural effusion, pulmonary fibrosis, granuloma formation, etc (Li et al., 2010; Song et al., 2009) . Inhalation of nanoparticles is a concern not only for the casual consumer, but also as an occupational hazard for industry workers whose daily tasks include the manufacture, production or repeated use of nanoparticle-containing goods, tools and equipment.
In particular, occupational exposure to tungsten carbide cobalt (WCCo), a hard composite metal commonly used as a material or coating for tools and machinery in mining and drilling industries (Yao et al., 1998 ) is a concern. Exposure typically occurs via inhalation in the workplace, as WC-Co "dusts" are released into the air upon extensive and repeated use of these tools, such as drills, in a closed environment. Inhalation of WC-Co "dusts", composed of various-sized WC-Co particles, is welldocumented to cause occupational asthma, hard metal lung disease (HMLD) and an increased (e.g. two-fold) risk for lung cancer (Balmes, 1987; Chiappino, 1994; Cugell, 1992; Day et al., 2009; Kraus et al., 2001; Lasfargues et al., 1994; Migliori et al., 1994; Moriyama et al., 2007; Moulin et al., 1998; Naqvi et al., 2008; Nemery and Abraham, 2007; Yao et al., 1998) . Among pulmonary diseases, HMLD is difficult to diagnose as its symptoms are similar to other respiratory ailments. HMLD usually manifests as progressive inflammation and fibrosis of the lung, with some cases progressing to lung cancer (Moriyama et al., 2007; Naqvi et al., 2008; Nemery and Abraham, 2007; Nemery et al., 2001; Rivolta et al., 1994; Ruokonen et al., 1996) . At present, the relationship between WC-Co exposure, toxicity and development of HMLD remains poorly understood.
Since the first recognition of adverse health effects from WC-Co exposure in the 1960s (Bech et al., 1962; Beritic et al., 1963; Heuer, 1962; Joseph, 1968; Trautmann, 1958) , there have been a number of reports regarding the toxicity of WC-Co in the literature both in vitro (Anard et al., 1997; Antonini et al., 2000; Bastian et al., 2009; Busch et al., 2010; De Boeck et al., 2003b; Ding et al., 2009; Edel et al., 1990; Fedan and Cutler, 2001; Kuhnel et al., 2009; Lison and Lauwerys, 1990 , 1992 , 1993 Lison et al., 1995; Lombaert et al., 2008 Lombaert et al., , 2012 Roesems et al., 2000; Zhang et al., 2010) and in vivo (Adamis et al., 1997; De Boeck et al., 2003a; Huaux et al., 1995; Kerfoot et al., 1975; Kitamura et al., 1980; Lasfargues et al., 1992 Lasfargues et al., , 1995 Rengasamy et al., 1999) . While it is well established that composite WC-Co particles are more toxic than tungsten (W), tungsten carbide (WC) or cobalt (Co) alone, the potential contribution of WC-Co particle internalization toward observed toxicity and the mechanism by which WC-Co particles could be internalized by relevant cells has not been well-addressed. The present study examined the toxic effects and explored potential internalization mechanism(s) of nano-and micro-sized WC-Co particles in lung epithelial cells.
Materials and methods

Materials and Reagents
Micro-sized WC-Co particles (micro-WC-Co; 4 μm) were purchased from Alfa Aesar (Ward Hill, MA) and nano-sized WC-Co particles (nano-WC-Co; 80 nm) were purchased from Inframat Advanced Materials (Manchester, CT). BEAS-2B lung epithelial cells were obtained from the laboratory of Yon Rojansakul. Dulbecco's Modified Eagle Media (DMEM), sterile phosphate buffered saline (PBS), 0.25% trypsin/ethylenediaminetetraacetic acid (EDTA), fetal bovine serum (FBS) and penicillin/streptomycin were purchased from Lonza (Allendale, NJ). The MTT cell viability kit (TOX-1), 2′,7′-dichlorofluorescein diacetate (DCF), dihydroethidium (DHE), monodansylcadaverine (MDC), colchicine and cytochalasin-D, glutaraldehyde, paraformaldehyde, agarose and osmium tetroxide were purchased from Sigma-Aldrich (St. Louis, MO). ApoScreen flow cytometry kit, including annexin-V-FITC (AV-FITC) and propidium iodide (PI), was purchased from Southern Biotech Inc. (Birmingham, AL). SPI-PON 812 for electron microscopy was purchased from SPI Supplies (West Chester, PA).
Particle preparation
For cell culture experiments, stock WC-Co particle suspensions (5 mg/mL) were prepared in sterile PBS containing 10% FBS and sonicated using an Omni International Sonic Ruptor 250 Ultrasonic Homogenizer (Kennesaw, GA). Stock particle suspensions were sonicated under 120 watts power output, at a frequency of 20 kHz, in two 30-second intervals to ensure particle dispersion. Sonication was performed in 30 mL plastic vials immobilized in an ice bath to minimize heating of the suspension during the sonication process. Dilute particle suspensions (0.1 to 1000 μg/mL) were prepared in DMEM containing 10% FBS from the 5 mg/mL stock particle suspension on the day of each experiment.
Particle characterization
Micro-and nano-WC-Co particles were characterized after preparation in suspension for cell culture, described above, via dynamic light scattering (DLS, Malvern Zetasizer version 7.01, Malvern Instruments Ltd, Malvern, UK), transmission electron microscopy (TEM; Zeiss Libra 120 electron microscope, Carl Zeiss Microscopy, Jena, Germany), scanning electron microscopy and energy-dispersive x-ray for the determination of elemental composition (SEM/EDX; JEOL JSM 7600 F, Jeol USA, Inc, Peabody, MA). Further detail provided in Supplementary Material.
Cell culture and exposure to WC-Co particles BEAS-2B cells were cultured in DMEM supplemented with 10% FBS and 1% penicillin-streptomycin and maintained at 37°C and 5% CO 2 . Briefly, confluent monolayers were rinsed with PBS, trypsinized, transferred to 5 mL polystyrene tubes and centrifuged at 1200 rpm for 7 min to pellet. The cell pellet was re-suspended at the desired plating density, transferred to a tissue culture plate and allowed to adhere overnight. Ninety-six well plates were seeded at 1.5 × 10 5 cells/mL for viability, oxidative stress and inhibitor assays; 24 well plates were seeded at 2 × 10 5 cells/mL for apoptosis and TEM examination of particle internalization.
Cell Viability Assay
For the viability assay, cells were exposed to either nano-or micro-WC-Co particles at concentrations of 0.1, 1, 10, 100 and 1000 μg/mL for exposure periods of 0.5, 1, 2, 6, 12 and 48 h. Following particle treatment, cells were rinsed once with sterile PBS to remove traces of media and excess particles. The MTT cell viability assay was performed per kit instructions (TOX-1, Sigma-Aldrich) in a 96 well cell culture plate.The absorbance of each well was recorded at 570 nm using a Bio-Tek μQuant microplate reader (Winooski, VT) . Blank values were subtracted from absorbance readings. Cell viability was calculated by dividing the absorbance of particle treated cells (Abs Exptl ) by the absorbance of the negative control cells (media treatment only; Abs Control ) and converted to percentage according to the following equation: Cell Viability (%) = (Abs Exptl ∕Abs Control ) × 100%.
Oxidative stress assay
Oxidative stress was examined at select nano-and micro-WC-Co particle concentrations of 0.1, 10 and 1000 μg/mL after exposure periods of 0.5, 1, 2, 6, 12 and 48 h. Following particle treatment, cells were rinsed once with sterile PBS to remove traces of media and excess particles. Oxidative stress was then determined by the addition of 10 μM DCF or DHE in PBS following particle treatment. Plates were incubated for 15 min in the dark and then fluorescence intensity of each well was quantified at 520 nm for DCF or 620 nm for DHE. The relative fluorescence of particle-treated cells was calculated as fold over control.
Annexin-V apoptosis assay
Cells were treated with WC-Co particles at select concentrations of 10, 100 and 1000 μg/mL for 12 h. Positive control (apoptotic) cells were prepared by heat-shock for 5 min at 56°C to induce apoptosis. Following particle exposure/heat treatment, cells were rinsed once with PBS, trypsinized, transferred to 5 mL polystyrene tubes and centrifuged at 1200 rpm for 7 min to pellet. Cell pellets were re-suspended and rinsed twice with 1 mL of PBS to remove traces of media that may interfere with staining. After rinsing, cells were re-suspended in ice-cold binding buffer and stained with AV-FITC and PI according to manufacturer instructions. Samples were analyzed immediately by flow cytometry using a BD FACSCalibur flow cytometer (Franklin Lakes, NJ).
Particle internalization and inhibition assay
Three cytoskeletal inhibitors, each affecting a specific pathway, were studied to explore the potential mechanism(s) by which WC-Co particles could be internalized: 1) MDC; an inhibitor of clathrin-coated pit endocytosis (Schutze et al., 1999) , 2) colchicine; an inhibitor of microtubule polymerization (Nunez et al., 1979 ) and 3) cytochalasin-D; an inhibitor of actin filament polymerization (Cooper, 1987 ). WC-Co particle suspensions were prepared as described above with the addition of 10 μg/mL MDC, colchicine or cytochalasin-D. Cell viability was calculated as described above; in this case, control cells received inhibitor treatment only (media + 10 μg/mL inhibitor) such that any background toxicity of the inhibitor itself was accounted for in the resulting cell viability calculation.
Transmission Electron Microscopy (TEM)
Following 12 h, 100 μg/mL WC-Co particle exposure, cells were washed once with PBS, detached using trypsin/EDTA and collected by centrifugation at 1200 rpm. Cell pellets were washed twice with PBS and fixed with 2% para-formaldehyde and 2.5% glutaraldehyde in PBS for 0.5 h at room temperature. Fixed cell samples were transferred to the West Virginia University Tissue Processing & Imaging Core Facility for additional processing. Briefly, fixed cell pellets were washed 3 times with PBS, re-suspended in warm 2% low-melting point agarose solution and centrifuged at 2000 ×g for 5 min. The resulting gelled pellet was post-fixed in a 1% osmium tetroxide for 2 h at room temperature. Post-fixation, the cell pellet was washed 3 times with PBS and dehydrated in a graded ethanol series followed by propylene oxide. Next, the cells were embedded in SPI-PON 812 solution and polymerized at 60°C for 48 h. Thin sections (50 nm) were cut and mounted on copper grids and subsequently imaged using a Zeiss Libra 120 electron microscope at 120 kV (Carl Zeiss Microscopy, Jena, Germany). A minimum of 200 cells were examined for the presence of WC-Co particles per mounted sample, with at least 20 sample grids examined per treatment group. The presence of tungsten (W) in cells showing internalized WC-Co particles was confirmed using electron energy loss spectroscopy (EELS; see Supplementary Material).
Statistical Analyses
All experiments were performed in triplicate and data are presented as mean ± standard deviation. Statistical analysis was carried out by 2-way analysis of variance (ANOVA) using GraphPad Prism software (La Jolla, CA). P values b 0.05 were considered significant.
Results
WC-Co particle characterization
Dynamic light scattering analysis of WC-Co particles in suspension revealed a narrow nano-WC-Co particle size distribution, with a calculated average particle size of 98 nm verified by TEM imaging (Figs. 1A and C). For the micro-WC-Co particles, size distribution was slightly larger with a calculated average particle size of 3.4 μm, also confirmed by TEM imaging (Figs. 1B and D) . EDX analysis of raw WC-Co powder showed that nano-WC-Co contained oxygen in addition to tungsten and cobalt (Table 1 and Figs. S1, S2).
WC-Co effects on cell viability and oxidative stress
Lung epithelial BEAS-2B cells were exposed to WC-Co particles at concentrations of 0.1, 1, 10, 100 and 1000 μg/mL for durations of 0.5, 1, 2, 6, 12 and 48 h. In cells exposed to nano-WC-Co particles ( Fig. 2A) , a significant reduction in viability (compared to control) was observed at concentrations of 10, 100 and 1000 μg/mL for all the exposure time periods studied. Significant reduction in viability was also observed at concentrations of 0.1 and 1 μg/mL after 48 h of exposure. In cells exposed to micro-WC-Co (Fig. 2B ), significant reduction in viability (compared to control) was observed at concentrations of 100 and 1000 μg/mL at 2, 6, 12 and 48 h of exposure. Significant reduction in viability was also observed at 1 and 10 μg/mL after 48 h of exposure. Moreover, nano-WC-Co particle exposure resulted in significantly higher reduction in cell viability overall compared to micro-WC-Co particles (Fig. S3) . For instance, the cell viability following nano-WC-Co exposure was significantly lower than the viability following micro-WCCo exposure (Fig. S3) at 1000 μg/mL for all exposure periods studied except at 48 h, where the cell viability for both particle exposures was very low (Fig. S3F ). Significantly lower cell viability was also observed in nano-WC-Co compared to micro-WC-Co particle exposure at 0.5 h from 10 to 1000 μg/mL (Fig. S3A) .
Oxidative stress was measured in the form of DCF/DHE fluorescence after exposure to WC-Co particles at 0.1, 10, 1000 μg/mL at representative low, moderate and highly toxic particle concentrations determined in Figs. 2A, B . Compared to control, there was a significant increase in DCF fluorescence in cells exposed to 1000 μg/mL nano-and micro-WC-Co particles over the exposure periods studied (0.5, 1, 2, 6, 12, and 48 h) and no significant difference when exposed to 0.1 and 10 μg/mL (Figs. 2C and S4A ). Maximal DCF fluorescence was observed for 1000 μg/mL nano-and micro-WC-Co after 1 h of exposure, where DCF fluorescence due to nano-WC-Co exposure was significantly higher than micro-WC-Co (Fig. 2C) . Compared to control, there were no significant differences in DHE fluorescence observed for cells exposed to nano-or micro-WC-Co at any concentration or exposure period tested (Fig. S4B) . 
Induction of apoptosis in WC-Co exposed cells
The total percentage of apoptotic, necrotic or viable BEAS-2B cells determined by flow cytometry after exposure to WC-Co is shown in Fig. 3 . Cells stimulated to undergo apoptosis by heat treatments at 56°C were included as a positive control for reference. A dosedependent increase in the total percentage of apoptotic cells was observed with increasing WC-Co particle concentration for nano-and micro-WC-Co particles (Fig. 3A) . Compared to negative control, a significantly higher percentage of apoptotic cells was observed at 1000 μg/mL for both nano-and micro-WC-Co particles (Fig. 3A) . A corresponding dose-dependent decrease in the percentage of viable cells was also observed and a significantly lower percentage of viable cells, compared to control, was found at 1000 μg/mL for both nano-and micro-WC-Co particles (Fig. 3B) . The percentage of necrotic cells remained low, less than 1% for cells exposed to nano-and micro-WCCo (Fig. 3C) . A significant difference in the percentage of apoptotic cells was observed at the highest particle concentration of 1000 μg/mL, where nano-WC-Co treatment showed significantly higher apoptosis than micro-WC-Co treatment (Fig. 3A) and the percentage of viable cells after nano-WC-Co treatment was significantly lower than micro-WC-Co treatment (Fig. 3B) .
Particle internalization and inhibition
After 6 h of nano-WC-Co exposure, there was a significant increase in cell viability compared to control (cells receiving particle treatment only, no inhibitor) in the presence of MDC, colchicine and cytochalasin D at WC-Co concentrations of 10, 100 and 1000 μg/mL (Fig. 4A) . After 12 h, significant increases in cell viability were observed in the presence MDC and colchicine at 100 μg/mL nano-WC-Co and in the presence of cytochalasin D at 10, 100 and 1000 μg/mL nano-WC-Co (Fig. 4B) . After 48 h, significant increases in cell viability were observed for MDC and colchicine at 10 and 100 μg/mL whereas cytochalasin D caused a significant increase in viability for 10, 100 and 1000 μg/mL nano-WC-Co (Fig. 4C) .
For cells exposed to micro-WC-Co particles, a significant increase in cell viability was observed after 6 and 12 h in the presence of MDC and colchicine at 100 μg/mL WC-Co (Figs. 4A and B) . In the presence of cytochalasin D, significant increases in cell viability were observed after 6 h for 100 and 1000 μg/mL WC-Co and after 12 h at 10, 100 and 1000 μg/mL micro-WC-Co (Figs. 4A and B) . After 48 h, significant increases in cell viability were observed for MDC and colchicine at 10 and 100 μg/mL and in the presence of cytochalasin D at 10, 100 and 1000 μg/mL micro-WC-Co (Fig. 4C) .
Compared to micro-WC-Co exposure, nano-WC-Co particle exposure led to significantly lower cell viability after 6 h in the presence of MDC and cytochalasin D at 100 and 1000 μg/mL and in the presence of colchicine at 1000 μg/mL (Figs. S6A, S7A, S8A) . After 12 h of exposure, nano-WC-Co particles resulted in significantly lower cell viability than micro-WC-Co particles in the presence of all 3 inhibitors at particle concentration of 1000 μg/mL (Figs. S6B, S7B, S8B) . After 48 h, the cell viability after nano-WC-Co exposure was significantly lower than that of micro-WC-Co exposure in the presence of MDC at 10 and 100 μg/mL, colchicine at 10 μg/mL and cytochalasin D at 1000 μg/mL (Figs. S6C,  S7C, S8C) .
Representative TEM images of BEAS-2B cells exposed to 100 μg/mL WC-Co particles for 12 h are shown in Fig. 5 . We found that nano-WCCo particles had been internalized (visible as distinct black dots, denoted by arrows) and were localized in the cytoplasm within the outer cell membrane (Fig. 5B) . For cells exposed to micro-WC-Co, no particles of micron size were detected within the cells; however, several particles with diameter of approximately 500 nm were found localized in the cytoplasm (Fig. 5C ). In the presence of cytochalasin D, no particles were found within the cytoplasm of nano-WC-Co exposed cells (Fig. 5D) . The presence of tungsten in representative particle-treated cells (Fig. 5) was confirmed using EELS, where a definite tungsten peak was identified at~1850 eV (Fig. S9 ) which confirmed the presence of WC-Co particles within the cytoplasm shown in Fig. 5 .
Discussion
While workplace exposure limits are defined for hard metal manufacturing facilities (Kraus et al., 2001; Stefaniak et al., 2007 Stefaniak et al., , 2009 , it is difficult to predict the resulting lung burden of inhaled WC-Co per person (Naqvi et al., 2008) and challenging to define a relevant dosing scheme for experimental studies. Since exposure limits are frequently defined on a mass-per-volume basis (i.e. mg per m 3 ), we elected to deliver our nano-and micro-WC-Co particles at equivalent mass-per-volume doses and intentionally encompassed a large concentration range, 0.1 to 1000 μg/mL, to cover the range in total lung particle mass burden that would be observed in workers exposed through occupational settings. As shown in Fig. 2 , nano-WC-Co was significantly more toxic than micro-WC-Co at concentrations ≥ 10 μg/mL. These data are consistent with our expectations and similar to toxicity reported in the literature (Anard et al., 1997; Bastian et al., 2009; Busch et al., 2010; De Boeck et al., 2003a , 2003b Kuhnel et al., 2009 Kuhnel et al., , 2012 Lombaert et al., 2004 Lombaert et al., , 2008 Lombaert et al., , 2012 . Since reasonable measures were taken to address the potential artifacts (Figs. S10-16) due to particle interference with our in vitro assays (Guadagnini et al., 2013; Holder et al., 2012; Kroll et al., 2012; Val et al., 2009; Wilhelmi et al., 2012) , the differences in our observed toxicity were probably due to the smaller size, higher resulting particle number and increased surface area of the nano-WCCo compared to the micro-WC-Co particles. These factors are known to play a critical role in particle toxicity and uptake regardless of material composition (Canton and Battaglia, 2012; Champion and Mitragotri, 2006; dos Santos et al., 2011; Wu et al., 2012; Zhang and Monteiro-Riviere, 2009; Zhao and Castranova, 2011) . The role of apoptosis in hard metal lung disease remains unclear; however, earlier studies have demonstrated the apoptogenic potential of WC-Co particles in vitro (Lombaert et al., 2004) . Since there are known roles for the regulation/dysregulation of apoptotic processes in cancer progression Shivapurkar et al., 2003; Stieber and Holdenrieder, 2010) and it is reported that HMLD patients are at a two-fold increased risk of developing lung cancer (Lasfargues et al., 1994; Moulin et al., 1998) , it seemed appropriate to examine the effects of WC-Co exposure on the induction of apoptosis in our lung epithelial cell model (Stearns et al., 2001) . We confirmed that WC-Co exposure induces apoptosis in exposed cell populations after 12 h in the present study (Figs. 3, S5) . We believe in the possibility that WC-Co induced apoptosis may play a role in HMLD progression and contribute to the increased risk of lung cancer; however, the exact mechanism and contribution of these factors remains to be elucidated.
Interestingly, our apoptosis findings (Fig. 3) did not correlate directly with our viability data shown in Fig. 2 ; greater toxicity was determined in the MTT viability assay than was observed by quantification of annexin-V-positive (apoptotic/dead) cells in our flow cytometry assay. We attributed the variance in observed WC-Co toxicity to the differences in assay methodology and approach: while the MTT assay relies on the conversion of the tetrazolinium substrate to formazan by live cells, the annexin-V flow cytometry assay relies on membrane surface staining of exposed phosphatidyl serine (PS) residues, a known marker for apoptotic cells. In this case, we believe that after WC-Co treatment, some of the cells may have reduced metabolic function but are not yet undergoing apoptosis, which would be reflected in the MTT assay as a reduction in viability; however, these same cells would not be quantified as apoptotic (dead) by the AV-FITC apoptosis assay since they may not yet have externalized PS residues available for staining. However, our data confirmed that WC-Co is capable of inducing apoptosis. Additionally, our data regarding the limited capacity of WC-Co particle exposure to stimulate oxidative stress at low concentrations (b1000 μg/mL, Fig. S4 ) appears to be consistent with earlier in vitro studies in other cells Lauwerys, 1992, 1993; Lison et al., 1995; Zhang et al., 2010) . Although oxidative stress has been implicated as the toxic mechanism for other nanomaterials such as silica or titanium dioxide (Park et al., 2008; Sun et al., 2011) , our data suggest that oxidative stress is probably not a primary mechanism of WC-Co toxicity.
Hard metal WC-Co particle internalization is of particular interest because hard metal deposits have been found in lung biopsy specimens from patients with hard metal lung disease (Chiappino, 1994; Dunlop et al., 2005; Gotway et al., 2002; Kusaka et al., 1984; Mariano et al., 1994; Matejka et al., 1985; Moriyama et al., 2007; Nemery and Abraham, 2007; Rizzato et al., 1992) which may suggest a potential role for particle internalization and/or deposition in the disease state. Studying how WC-Co particle internalization occurs in vitro may offer a better understanding of how these deposits may form in vivo, which may allow for the development of improved HMLD treatment strategies or new prophylactic approaches (Armstead and Bingyun, 2011; Luo et al., 2012; Wang et al., 2013) for those at risk of exposure. It has been reported that alveolar epithelial cells are capable of internalizing nanoparticles (Stearns et al., 2001 ) and we confirmed in this study that WC-Co particles are capable of being internalized (Bastian et al., 2009) in our lung epithelial cell model as shown in Fig. 5 . Based on our findings from the cytoskeletal inhibitor assay shown in Fig. 4 , we believe that WC-Co particle internalization plays a role in WC-Co mediated Representative TEM images of A) non-exposed control cells, B) cells exposed to 100 μg/mL nano-WC-Co for 12 h, C) cells exposed to 100 μg/mL micro-WC-Co for 12 h and D) cells exposed to 100 μg/mL nano-WC-Co plus 10 μg/mL cytochalasin D for 12 h. Arrows denote WC-Co particles; scale bars = 0.5 μm.
toxicity because a significant increase in cell viability was observed for all three inhibitors tested when compared to cells treated with WC-Co particles only.
The extent of this "rescue" effect varied amongst the inhibitors; however, cytochalasin D appeared to have the most significant effect of the three inhibitors (Fig. 4C) , so we hypothesized that actin dynamics and polymerization, inhibited by the presence of cytochalasin D (Cooper, 1987; Goddette and Frieden, 1986 ), may play a major role in the internalization of WC-Co particles. Additionally, we did not find any internalized WC-Co particles in cells treated with cytochalasin D shown in Fig. 5 . A significant increase in cell viability was also observed in the presence of colchicine and MDC, so the potential for multiple mechanisms of internalization cannot be excluded from this study. Colchicine, known to inhibit microtubule polymerization (Elkjaer et al., 1995; Nunez et al., 1979) , can interrupt the formation of endocytic vesicles which may also play a role in WC-Co internalization as indicated by the increase in cell viability observed in Fig. 4 . However, colchicine was ineffective at reducing WC-Co toxicity at the highest concentration of particles after 48 h (Fig. 4C) , so we believe that microtubuledependent internalization processes are likely secondary to actinmediated processes affected by cytochalasin D. MDC is an inhibitor of clathrin (Elkjaer et al., 1995; Schutze et al., 1999) and specifically blocks clathrin-mediated endocytosis. In our study, MDC caused the least significant increase in cell viability following WC-Co exposure so we do not believe that clathrin-pit mediated endocytosis is a primary mechanism for WC-Co particle internalization. Taken together, these initial findings suggest a potential role for WC-Co particle internalization in observed toxicity toward lung epithelial cells.
Conclusion
This study examined the toxicity of nano-and micro-sized WC-Co particles and explored the potential role of particle internalization in observed toxicity toward lung epithelial cells. Nano-WC-Co was found to be more toxic than micro-WC-Co as expected and we determined that WC-Co particles are capable of being internalized (via TEM). The presence of cytochalasin D, colchicine and MDC all caused a reduced toxicity, which suggests that there may be multiple mechanisms involved in WC-Co internalization and toxicity. Therefore, internalization of WCCo particles by cells lining the respiratory tract and lung is possible and may be a potential source of hard metal deposits found in HMLD biopsy specimens.
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